Equilibrium perturbation by isotope substitution.
When malic enzyme is added to a mixture of malate-2-d, TPN, CO2, pyruvate, and TPNH at concentrations calculated to be at equilibrium, the TPNH level first drops and then increases slowly to its original level. This equilibrium perturbation is caused by slower cleavage of C-D than C-H bonds during hydride transfer as malate-2-d and TPNH are partly converted into TPND and malate-2-h in the process of establishing isotopic equilibrium. With malate-2-d, isotope effects for malic enzyme at pH 7.1 and malate dehydrogenase at pH 9.3 of 1.45 and 1.70-2.16 (depending on oxaloacetate level) were determined with this method, while the corresponding isotope effects on V/Kmalate and V for the chemical reactions were 1.5-1.8 and 1.0, and 1.9 and 1.5 for the two enzymes. The advantage of this method is its extreme sensitivity, and the lack of interference from various artifacts. The sensitivity is sufficient to permit determination of 13C and 15N isotope effects in favorable cases, and values of 1.031 for malic enzyme with 13CO2, and 1.047 for glutamate dehydrogenase with 15NH4+ have been determined. In the course of this work it was discovered that the equilibrium constants for oxidation by DPN, and oxidative decarboxylation by TPN are lower for malate-2-d than for malate-2-h by a factor of 0.76-0.82. Changes in Keq upon deuterium substitution, which are predicted by the calculations of Hartshorn and Shiner (1972), should be observed for many other reactions as well.